A Comparison of Thermal Tides and
Propagating Waves in Mars GCMs

Surface Pressure @@ V.1 & VL2

Participating Models:

Ames
GFDL
Japan
LMD
Oxford



Viking Lander Surface Pressure Data VL1& VL2

Surface Pressure @ VL1 & VL2
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Tides

*Evaluate effective thermal forcing due to heat fluxes from the
surface into the boundary layer, and to dust heating

ook for commonality in the smulated excitation of
nonmigrating tides to provide insight for interpreting observed
surface pressure tides at landed meteorological stations.

Traveling Waves.

Look for patterns and commonality in the seasonal evolution
of traveling waves, and the possible dependence on
atmospheric opacity.

Compare the signatures of traveling waves in surface pressure
and air temperature at various levels.



Examined Pg. T,c and T,, ., fieldsfor 1 Mars year
(668 sols), with good diurnal sampling (12-
24x/s0l)

Examined 19 Simulations:

Ames. t=0.0,0.3, 1.0

GFDL: t=0,0.15,0.3,1.0, and 0.3*
Japan: t=0, 0.3, “Viking”

LMD: t=0.0,0.2, MGS, 2.0
Oxford: t=0.0, 0.2, 0.3, Viking



Data Processing
Removed annually-varying trend (periods > 30 sols) at each model gridpoint
Tides:

» Calculated the diurnal and semidiurnal harmonics of P, at each gridpoint (5 sol
composites). In particular, VL and Pathfinder sites are thus represented.

*Space-Time spectral -decomposition of the pressure fields yielding seasonal
evolution of Eastward and westward propagating zona waves (s= 1-4) with
diurnal and semidiurnal harmonics:

Traveling waves.

*Band-pass filtered data: retained periods between 1 and 30 sols. Computed
variance of P4 and T at each gridpoint.

*Space-Time spectral -decomposition of field, using overlapping 60-sol periods to
capture seasonal evolution of eastward and westward propagating zonal waves 1-4

«Computed Empirical Orthogonal functions (EOF' ) for both NH and SH
variability.



Simulated Py at VL1 and VL2
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Diurnal and Semidiurnal Surface Pressure Oscillationsat VL1 (22° N)

4Y ear record
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High degree of
regularity inthe
L.=0-180 period

Diurnal Tide: 5,(p)

Semidiurnal Tide: S,(p)
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Semidiurna Tide S,(p):

Sun-synchronous component: Semidiurnal Tide: §,(p)
Dominated by single Hough mode Ao Year 1 ' ®. f 8
«Broad meridional structure || ¢ Year2 %

_ ~al * Year3
*Very deep vertical structure =2 Year 4

=

Therefore S,(p) is the integrated ‘,_; 2t
response of atmospheric heating = "
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This mode should be dominant
during particularly dusty periods.

Departurein Phase from 0900 LT
due to nonmigrating tides
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VL1 response due to sun-synchronous tide + nonmigrating tide
components: Kelvin wave is particularly strong during NH Summer
solstice.




Nonmigrating tide: zonal modulation of the sun-synchronous tide by
topography etc.

Migrating tides are scattered into nonmigrating tides
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<Q> Upslope/Downslope Winds
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coy sl +st] cos[m ] =coq(s+m)l + st] + cod (s-m)l + st]
Wave 2 Topography: cogl - t] eastward propagating diurnal wave
Wave 4 Topography: cog 2l - 2t] eastward propagating semidiurnal wave

Other tide modes are generated as well, will ignore for now

Relevant for vertically propagating response



Resonant Kelvin Waves

Kelvin Waves
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Resonant response by the Diurnal and Semidiurnal Kelvin waves

Resonant enhancement of
the diurnal Kelvin wave
(E1) at L=90

Weaker enhancement of
the semidiurnal Kevin
wave (E2)

More uniform variation
In the migrating tides,
(W1 & W2) dueto
seasonal variationsin
Insolation
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MGCM Simulation: L~ 90°

Eastward and Westward propagating components
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Simulated Surface Pressure Amplitude and Phase: L_~90°

Diurnal Tide Semidiurnal Tide
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Semidiurnal Tide (22°N): Envelope of Seasonal Variation
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Simulated Semidiurnal Tideat VL1

--- Smulated VL1
--- A,, mode only
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Note marked decline in tide amplitude at NH solstice: due to destructive interference by the
enhanced Kelvin wave: difference between red and curves.



Ratio (%)

Phase (H)

Migrating Semidiurnal Tide: S,(p):

Amg]itude

VLI

15

=
o
1

Ames: 1= 0.3
Oxlord: =02
GFDL: =03
LMD: = 0.2

LMD: 1= MGS
Japan: 1= Viking

NERRR

60

120 . 180 . 240
Areocentric Longitude L

360



Amplitude (%)

S»(p) Amplitude L= 180°
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Amplitude (%)

S»(p) Amplitude L= 180°
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Ames =023 Tides: Lat=225°
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